This paper details the importance of brightness in relation to laser beams. The 'brightness' of lasers is a term that is generally not given much attention in laser applications or in published literature. With this said, it is theoretically an important parameter in laser-material processing. This study is first of a kind which emphasizes in-depth, the concept of brightness of lasers by firstly reviewing the existing literature and the progress with high brightness laser-material processes. Secondly, the techniques used to enhance the laser beam brightness are also reviewed. In addition, we review the brightness fundamentals and rationalize why brightness of lasers is an important concept. Moreover, an update on the analytical technique to determine brightness using the current empirical equations is also provided. A modified equation to determine the laser beam brightness is introduced thereafter.
1. Introduction
Background of Laser Beam Brightness
Brightness is a visual perception of light. The brightness of objects or a light source varies with change in the distance and the angle at which the object is visualized.
Brightness also varies depending on the reflection, absorption and transmission of a light beam in relation to the surface in contact [1] . Thus, it could be defined as the amount of light in form of 'luminosity' observed on an object per unit of area [2, 3] .
Luminosity defines the measure of brightness, though such a term is rather suitable for only selected areas in science. As such, each discipline defines luminosity with its own term. Brightness is classified in two ways: one is photometric and the other is radiometric. The former quantifies light in terms of the judgement made by the human eye in assessing the brightness of an object, whereas, the latter quantifies brightness in terms of absolute power [1 -4] . The photometric light refers to luminance and its luminosity. On the other hand, the radiometric light refers to 'radiance'. Both luminance and radiance, however, are so-called, cousins and have similarity in the sense that they ultimately relate to the brightness of a light source.
Although, luminance refers to contrast, glair and eye sensitivity to a particular wavelength. Luminance adheres to the principle that brighter the object -the more power it emits, and the higher the temperature of light (in relation to a particular distance). Comparably, radiance refers to a specific measure irrespective of eye sensitivity and wavelength of the light source and is dependent on power emitted per unit area in the solid angle of light divergence.
One of the first reported literature in relation to brightness was on the measurement of brightness and its colour over the sky by Reesincks in 1946 [5] . Reesincks developed a technique to obtain measurements of brightness during the summer period of 1946, in the Netherlands. Later, Zhang et. al. [6] , reported on the feasibility of cloud remote sensing by ground based sky thermal infra-red brightness temperature measurement [6] . However, brightness in relation to lasers was a concept developed in the early 1960's [7] . Earlier work referring to a specified light source such as a laser was much focused on enhancing and improving the capability of lasers to produce brighter beams. The first time brightness was reported in relation to a laser beam was by Rampel in 1963 , and showed that the obtainable power per unit area that could be produced for a diffraction limited beam is proportional to the brightness of a light source. Rampel further reported that such a laser beam is necessary for applications namely: microcircuit machining, drilling and cutting since controlled material removal in localized area was necessary. In the 1970's and 80's papers were published by several authors in relation to increasing the laser beam brightness [8 -10] , and the use of high brightness lasers in the military sector [11] .
Thereafter, numerous papers were published with respect to enhancement of laserbeam brightness and modification of the transverse mode [12 -15] , changing the cavity design within the optical resonator [16 -22] , and the beam delivery design [23 -25] . However, only handful of publications could be found in relation to the effects of brightness, thereof on engineering and veriety of general materials [26 -35] .
Last decade was said to be the decade of short-wavelength lasers by laser physicists [36] . Short wavelength lasers operate at ultra-fast pulse rates and are very much in demand in this decade but more so are the high brightness lasers namely the fibre laser in particular. The brightness of a laser beam is not frequently mentioned in laser processing research and or during general laser processing of materials in factory shop floor or a job-shop environment. Notwithstanding this, various investigators have shown the importance of this parameters and have demonstrated that considering brightness as a parameter could be useful, though, to a limited extent.
Having said this, not only experimental investigations are called for to demonstrate the effect of laser beam brightness [26 -35] , but also an up-to-date literature review focused on various areas relating to brightness of laser beams is also desired, as it has received very little attention over the years, since the introduction of a laser as a manufacturing tool.
Significance of Laser Beam Brightness
High brightness lasers have been around since over a decade. Initially, it was the disc lasers, diode, tapered, semiconductor lasers and short-pulse, short wavelength excimer lasers that were in the industry, classified as high brightness sources but they suffered from lack of beam quality [37 -42] . However, fibre lasers have been commercially introduced since 2005 [43] . They offer the missing aspects of the previous lasers. These are the superior beam quality along with many other technical advantages [43] . In recent years, a development of a solar pumped laser was also reported [44 -46] . High brightness laser, however, offer considerable advantages over the conventional lasers. Those are, namely: superior beam quality; longer field of focus; smaller beam divergence; low cost per wattage; cleaner/sharper beam footprint and higher power density than a low brightness laser. This allows cheaper laser process to take place, due to the usage of low cost per wattage. The high power density of a bright laser could also enable one to obtain higher processing speeds during laser material processing. High brightness fibre lasers could be considerably flexible, offering three dimensional processing of parts. Moreover, the high brightness also allows a tighter focus but a less expensive optics and beam delivery systems.
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The reasons why brightness is important in laser processing applications is because the intensity obtained within a focusing area through a lens is proportional to the brightness of the beam. High brightness laser processing allows fine spot size of the beam and creates a longer focusing distance. Hence, flexibility is further achieved with material processing as more distance is covered during laser operation. This is particularly offered by the fibre and the high power diode lasers (HPDL) and also the disc lasers [37 -39] .
High brightness laser sources such as a fibre laser or a HPDL produces high temperature during material interaction [36, 47] . A fibre laser with high brightness in particular offer a longer depth of field (long focal length), small spot sizes, beam quality and a stable laser beam execution. The brightness of a laser is more effective in comparison to the laser power intensity or any other parameters singularly. This is because by achieving high brightness would generate high processing temperatures [47] . The use of high brightness laser for material processing is also advantageous due to its potential for achieving low cost per wattage output [48] .
The first reported work on laser beam brightness was in 1963 by Rampel [7] . Having said that, brightness in relation to lasers became a concept in the 1970's. Earlier work in this field was somewhat focused on enhancing and improving the capability of lasers to produce brighter beams. Rampel showed that the obtainable power per unit area that could be produced for a diffraction limited beam is proportional to the brightness of a light source. Rampel further reported that such a laser beam is necessary for applications namely: microcircuit machining, drilling and cutting since controlled material removal in localized area is also necessary.
The work of Braid et. al. [11] evaluated brightness as a unique parameter for the use of high energy lasers applied in the military sector. In particular, it was stated that the successful implementation of lasers as a weapon in the military sector would depend on its brightness. Braid et. al. further went on to comment on the differences between an actual brightness and potential brightness. The suggested equation for the determination of potential brightness shown in equation (5), as presented Table 1 .
The difference between the actual brightness and the potential brightness is that: at any point of the beam, the brightness could change due to the difference in beam diameter, the actual brightness maybe different to the potential brightness, since the potential brightness calculation does not take account of the losses [11] . This simply indicates that the actual brightness value of lasers would be more accurate but on the other hand, it is not always possible to understand and determine the loses of a laser system. This is why the potential brightness would be a good measure. A comparison could then be made with the actual brightness to reveal the losses.
Motivation and Research Rationale
This paper attempts to first provide a detailed review on the concept of radiometric brightness -the 'radiance', particularly, in relation to a unique light source such as a laser beam. Moreover, the review is also focused on how brightness as a concept is an important parameter to largely quantify a laser beam. Further, an update of current equations used for the determination of brightness are reviewed and proposed is a modified equations that provide full characterization and optimization of laser beams using the brightness concept. The paper then presents a to-date review of literature in relation to high brightness lasers to affect material processing and research studies previously conducted to modify laser design to affect laser beam brightness. This involves an update on the techniques used to improve laser beam brightness and also extends the knowledge on how bright lasers were developed with enhanced/improved process capability which could allow cost reduction and improved efficiency with laser assisted processes in manufacturing. Lastly, a technique to characterize a beam by using the radiometric light property -radiance is rather encouraged. On account of this, one could consequently control the aspects relating to laser design, material processing energy usage and the associated cost in wattage. This paper is one-of-a-kind detailing the fundamentals of laser beam brightness as a concept and its importance in the laser processing, laser design and beam optimization sectors. No such paper thitherto have shown studies in relation to any of the topics discussed herein with such any depth. Moreover, the wok in this study could directly benefit larger/wider audience working in the aforementioned sectors.
Fundamentals of Laser Beam Brightness with respect to Previous Work
Brightness is somewhat a comparison of two rays of light as evaluated by the human eye. The judgment is created from the variation in the intensities from the light source on the surface of the retina [1] . The general terminology of brightness of a light beam was classified in candles per square meter of light being emitted on a surface which was otherwise known as 'luminance' or 'radiance'. However, the application of the particular light source differentiates the use of either luminance or radiance [2, 48] .
As previously mentioned luminance is considered to be a photometric brightness and the radiance is the radiometric brightness [48] . Laser beams are monochromatic, unidirectional and coherent, which enable them to be focused in a small surface area, thus, producing a brighter light when compared to other light sources. This also allows laser beams to exhibits very high power levels in a narrow spot size [1] .
Brightness of lasers follow specific laws of optics [2, 49] Laser beam parameters, namely; solid angle of divergence, wavelength, beam parameter product (M 2 ), spot size and laser power are major contributors to the laser beam brightness and are used to calculate [17, 24, 32, 33, 50, 51] or to measure the brightness [31] and associated laser beam parameters [52 -53] . However, practical measurement of the laser beam brightness is much complicated and involves time consuming set-ups. Thus, theoretical approach is more desirable and an accurate mean to determine brightness.
The brightness in terms of a laser beam is calculated by the optical power divided by the product of the focused beam mode area -M 2 , as well as the solid angle of divergence (Ω) as per the wavelength derived in Equations (1) to (4) [4, 24, 36, 50, 54, 55] . Figure 1 shows a schematic of the aspects of a laser beam that are taken into consideration when determining the laser-beam brightness.
= Ω (1) [22] Where Pout is the laser power over the surface area and AΩ is the solid angle of divergence. The solid angle of a Gaussian beam is shown by Equation (2):
Where λ is the wavelength and w0 is the beam radius at the beam waste. For Gaussian laser beams that are circular, the propagation ratio is shown by Equation (3). 
Equation (1) to (4) show the most commonly applied equation to determine the brightness. However, several authors have employed various equations as presented in Table 1 .
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Relevant Terminology and a Proposal of a Modified Equation in
Relation to Laser Beam Brightness
Literature in this area is somewhat confusing with respect to terminology relating to of laser beam brightness. Luminance is defined as the direction of light emission which means that the brightness of an object is dependent on the direction or the angle from which the light is being visualized [3] . Luminance is also the intensity of light that is emitted from the surface. The intensity of light that is directed on a surface is classified as illuminance and is the opposite of luminance.
Particularly when working with laser brightness, it should be defined as radiance (power per unit area in a solid angle of divergence (measured in steradian)). On the other hand, misconception occur with the terminology 'irradiance' which is the power per unit area (radiative flux) acting on a surface. The units of irradiance are: W/m 3 , whereas, the referenced units of radiance in the literature is rather: W. mm 2 . Sr -1 .
Having said that, the use of units by previous workers are not consistent. In addition, the aforementioned units only include the laser power (W), spot diameter (mm) and steradian (Sr). However, it is evident from the previous equations that the wavelength would ( ) contribute considerably to the determination of radiance.
Thus, we have proposed the following units: W. mm -2 . Sr -1 . µm -2 , as it was better suited. Where laser power is (W), spot diameter is (mm) solid angle of beam divergence is (Sr) and the wavelength is (µm). The use of units in previous literature did not employ micrometre (µm) for the wavelength of the beam, however, since wavelength is an important parameter, we have also included this factor in our units.
Overall, radiance can be defined as the power from the source per area into a certain solid angle, and comparatively, the irradiance can be defined as the power onto a surface per area [33] . Radiance in terms of laser light is not only a useful property but is equally an important parameter as it is a mean to measure how bright the laser beam in radiometric terms. Measuring the brightness of a light source such as a lasers would firstly help to characterize such a monochromatic, coherent, and unidirectional light but also help in accurate measure of the power intensity emitted by the light source by taking in account of many different parameters that equate to radiance.
Those parameters are namely: power; spot size (energy density); beam quality factor M 2 ; beam divergence; transverse electro-magnetic mode (TEM) and the wavelength.
The spot diameter, however, is not taken into consideration in previous studies and so, it would be essential to incorporate the spot diameter during the calculation of laser-beam brightness. In order to do this, it is rather suitable to include the power density which is a combination of power and the spot size for a particular Gaussian or non-Gaussian beam. Equations presented herein show that brightness is a function of output power, wavelength, M 2 , the beam divergence and the spot diameter. Thus, to include the spot size, power density can be employed as an additional feature as derived in Equation (24) for a 'top hat' (flat top) beam of an Nd:YAG laser used in this study as an example:
Where d is the laser beam diameter; 127 is for the 'top hat' uniform beam profile with an equal energy distribution. In case the beam is Gaussian then the value '127' is replaced by '250'. By including laser power density to determine the 'radiance' would, gives rise to equation (25) . Equation (25) adopts the use of power density rather than the conventionally used equation (4) or the equations presented in Table 1 . This in turn, would take in consideration of the full laser beam parameters as mentioned previously and ultimately becomes radiance density:
Radiance Density = (25) Where 'radiance' replaces the conventional terminology of 'brightness'. But 'radiance density' is used because it takes laser beam density into consideration not just laser power. If laser power is employed then radiance could be used. 
Previous Endeavour in Modification of Laser Beam Brightness
Change in Laser Beam Mode and its Parameter Product
Brightness of lasers could be modified by various means. In particular the parameters associated with the equation previously presented could be altered as such that the slight modification could result to a considerable change of energy/at the nozzle and onto the surface of the work-piece. Specifically, it is the beam mode, quality, and divergance that have been documented to improve the laser-beam brightness [69] . In addition, modification of device design such as flared amplifiers, curved-and agledgrating cavities and optical beam correction also assist in improving the performance of lasers through brightness enhancement.
Hanna [7, 8] 
Modification of Optical Resonator, Beam Delivery and Optics
Varnavsky et. al. [10] conducted a similar investigation by using an unstable resonator design which comprised of a concave and convex mirror assembly. This allowed a tighter beam divergence. Consequently, it created a laser beam close to its diffraction limit with a mode of TEM00 and to characteristically exhibit a high brightness laser.
Marshall et al. [16] incresed the brightness of a laser by modifying the diode design.
This changed the M 2 from one direction and produced a better beam quality. This idea was somewhat close to that of Hanna, however, the approach was by slicing the diode beam in a grating prism as fabricated by optic extrution technique which allowed a low-cost manufacture. Monjardin et al. [23] also modified a laser beam quality by using correction optics and improved the beam pointing accuracy and its quality. This in turn, allowed an uncorrected beam of (M 2 of 12.26) to reduce to M 2 2.33, allowing a tighter focus.
Machavariani et. al. [12, 13] Forbes et.al. [22] , modelled the brightness from a cross porro-prism resonators and showed that the brightness is significantly influenced by the angle between the two prism edges. At higher prism angles the brightness was increased as fewer petals of the beam foot-prints were to be seen, with decreasing angles and increasing the number of petals of the beam foot-print showed decreasing the prism angles and inherently a reduction in the brightness.
Li et.al. [17] worked on the reliability and efficiency of high brightness lasers by using the 940nm wavelength to show the maximum power conversion efficiency of 60% at an output power of 72 W with very good beam quality. Treusch et. al. [18] applied a high-brightness semiconductor laser and found that collimation lenses can be used to increase the brightness of the laser by a factor of two. In addition, the wavelength and polarization coupling also contributed in increasing the brightness. Leibreich and
Treusch [19] conducted a similar investigation on improving the brightness of a semiconductor diode laser using laser beams of various wavelengths to increase the output power and the brightness. The results showed that the laser-beam brightness can be doubled without any changes to the M 2 , unlike other published work. This in general could be a new prospective within the laser materials processing industry.
However, altering the brightness involves careful measurement of the laser beam and is considerably difficult to measure for an industrial laser as it requires complex setup and a time consuming procedure.
High brightness lasers sources such as disc, fibre, and diode lasers are conventionally poppular but diode lasers generally lack the power and the beam quality to exhibit high power density [74] . Having said that, micro-optics have been developed in recent years to improve the output of the high power diod laser (HPDL) because the beam exhecuted by such a laser source are in multiple rays and do not point in the same direction. This makes the laser somewhat defficient and decreases the employability for the high demand application laser such as a HPDL. It was cited that not just the HPDL but other laser source also could benefit from an increased brightness so that efficiency could be improved in areas where there is an extenssive use of lasers. In order to do this, custom made lenses (micro-optics) were designed to enhance brightness of laser beams as reported by McBride [23] . The micro-optics were as such that they provide a correction to defficiency of each laser source at individual level. Results showed, enhanced brightness with improved efficiency of 80% compared to previously developed lasers that were only 15% efficent [23] .
Multiple laser beam combining technique has also been reported to have influenced the brightness of laser beams [75] . The results showed that six-mirror cavity laser could generate a brightness value of 12.66k mJ/(m 2 .ster) in comparison less cavities present within the system. Brightness was also cited to have increased by combining wavelength beam laser diodes [20] . Using micro-lense arrays, 6 diode laser arrays were passed through a lens at a certain focusing length onto a diffraction grating. This directed the beam into an output coupler and onto the processing material as shown in see Figure 3 [23] . In this wavelength beam combining of diode (WBC) lasers generated arrays of small light rays that were focused to a much intense and brighter beam that in othercases required high power laser systems which consequently were also not so cost effective. This type of desing was configured using a diode laser which was claimed to be the first in cutting and welding of metallic materials of thickness 0.26 inch and led to a reduction in cost, increase in efficiency in comparison with diode pumped, fibre and solid state lasers.
Another investigation involved the use of HPDL operating in both the near-and midinfrared region. The laser resonator design was modified comprising of certain stripe that had an etched semiconductor layer [22] . This would also limit the electrical current injection into the diode laser. The diode laser stripe has variation in width in the lateral direction which in turn controls the output power. This in other words means that broad area (150 µm) given for the laser beam allowed more waste to exhibit at the output end and allowed x 3 increase in brightness (100 MW/cm 3 ) to be generated in particular with the near infra-red (NIR) wavelength. However, broad cavity concept used for the NIR wavelegth (800 nm -1000 nm) is not very practical with the mid infra-red (MID) wavelength lasers and therefore, Kelemen et. al. [58] proposed an alternative resonator design which involved the use of tapered laser resonator. This was reported to avoid the limitations of the previous design suited for the NIR wavelength lasers. This type of design also allows increase in brightness for lasers with wavelength ranging from 1800 nm -2500 nm.
Wang [76] developed a laser beam shaping technique which enhanced the brightness of a diode laser up to 2.4 MW/cm 2 .str.. The technique was as such that the laser diode array was re-shaped using groups of prisms which created a beam with a so called 'smiling' foot-prints which upon directing through an optical fibre of 0.6 mm diameter gave the an ultimate brightness value of 8 x 10 4 W/cm 2 .str.
Bergmann et. al. [77] reported that using lasers with efficiency up to 45%, the beam parameter product still has to be high, as well as the focusing ability of the system.
Both combined leads to a high brightness beam which is important for applications such as laser spot welding [77] . A beam combining technique was used to improve the brightness of a fibre laser by Sprangle [78] . This used an array of three fibres focused at a 45° mirror which was then focused at the target. This improved the efficiency, and produced a compact, robust, low maintenance, highenergy and long lasting laser system. Results showed propagation efficiency of 90% at a range of 1.2 km, at 3kW laser power in moderate turbulance within the atmoshere [78] . Ishizuka et. al. [79] stated that the brightness of field-emission tips (electron microbeams) could be substancially improved by using a magnetic field instead of the electrostatic lens to suppress the divergence of such microbeams which in turn enhances the actual brightness. This concept could be adopted to lasers, whereby the wavelength as such can be extended to function in the X-ray wavelength regions at considerable energy densities.
Almaida and Liang [44, 45] designed a high brightness solar pumped laser in which a maximum brightness of 9 x 10 -1 W was obtained at a beam mode of TEM00. A 30 % increase in brightness was reported. This was achieved by the adoption of compact fused silica light-guide assembly and the use of a core-doped ceramic rod with 5. Mm diameter and Sm:YAG cladding that proved to be a brightness enhancer for a solarpumped laser.
Ronen et. al. [80] designed a new compact slab laser configuration comprising of a passive combining of several laser channels. In this configuration, the beam is plorized and transferred on to an ajecent channels by using a polarizing beamdisplacer which aids in obtaining a combined output of higher brightness [80] .
Enhancement in brightness of electron beams was also reported by few other authors, namely; Bluem et. al. [81] and Zolotrev et. al. [82] . Bluem et. al. developed a high brightness electron gun which could be utilized for variety of applications such as superconducting CW RF gins and a DC/SRF gun which prove to be good sources for light injectors. Zolotrev et.al. also mentioned that such high brightness devices are useful for electron microscopy, inverse photo-emission, low energy electron scattering and electron holograpghy.
State-of-the-art in High Brightness Laser Material Processing
Several workers in recent time have worked with high brightness lasers for processing materials [20, 21, 28 -36, 48, 50, 54, 56, 58] . Wallace [20] used the high brightness diode laser to produced high efficiencies and lower operating costs.
Wenzel et. al. [21] used a high brightness semiconductor laser to show that high reliability and efficiency can be achieved with a low beam quality factor. Brown and would be ideal for aluminium and steel [60] . The value obtained for brightness based on the paremeters used for the welding experiments compared to the brightness equations employed in previous research differed. This indicated that there was no generic equation employed for the determination of brightness and so, discrepancies in the results of various published research work was found.
A high brightness fibre laser was reported to have a high efficiency ratio during a laser spot welding process of a aluminium as reported by Bergmann et. al. [77] . This was due to the beam parameter product (M 2 ) being lower. This in turn, resulted to the high brightness fibre laser and disc lasers to produce the highest wall plug efficiency compared to other lasers. The typical wall plug efficiency found for the fibre laser was
25 -30% at a M 2 of 2 and the same for the disc laser. This was the highest in comparison to other laser sources employed. Having said that, no brightness values were given in relation to the parameters employed for the laser spot welding process in their study [77] .
One other application where high brightness lasers could be useful is in laser assisted ignition. Shaw et. al. [83] reported that fast ignition can be achieved with the use of a high brightness KrF laser system with a low wavelengths (268nm). The paper also reported that femtosecond pulses could obtain a significantly high brightness value and this is rightly so due to the low wavelength of the KrF laser which could generally gexhibit a high brightness value. A comparison of lasers with different wavelengths with respect to its ideal brightness is demonstrated in our part two paper. However, one other factor that could be of interrest for future study is the the effect of pulse rate on the laser beam brightness. Although it can be predicted from the investigation of Shaw et.al. that fast pulses (400 fs) produce a sufficiently high brightness in comparison to 60ps, but to establish this further, a broader and wider investigation is called for.
Laser Beam Brightness as a Parameter in materials Processing:
Outlook and New Research Prospective
Having undergone a wider, extenssive literature review in this area, we propose that brightness as a parameter of a laser beam should be given importance in the laser processing industry. This is because an intenssively bright laser beam allows high power per unit area throughthe optics, nozzle and consequently at the workpiece.
This makes emence difference to the material being processed. In any case, not just material processing but fibre and solid state laser pumping, remote sensing, medical industry (dentistry, ophthalmology), imagining, printing, military, entertainment industry and laser applied in space research could also benefit. A high brightness laser could minimize the optical complexity, as well as packaging requirements and help to deliver the photon energy with minimal losses with enhanced efficiency.
Furthermore, for measuring the brightness of distant stars in space research, the general theory is that the more shiny the object (star) -the higher its brightness. In addition, the star also glows at high temperature which in turn make it a hot star.
Likewise, brightness of lasers could relate to the same, since the shinier the lasermaterial interaction, the brighter and hotter the plume glows and therefore, may result to high temperature and inherently is postulated to exhibit a high temperature laser-material interaction. With precise control of parameters, the temperatures at the interaction zone could also be varried resulting to desirable phase chages to the material and low usage of energy. Brigtness of lasers is not visible from a naked eye particularly if they are in the infra-red region and therefore, the shine or the glow as previously mentioned is only visible via an infra-red wavelength measuring device such as a pyrometer or an infra-red temperature measurement thermometer. It would also be ideal to understand the brightness temperature of various lasers at different wavelengths. For instance, Doubenskaia et al. [36] conducted an investigation which measured the laser-material interaction zone during a cladding process. This in turn was simply used to determine the heat map using calibration with a black body. This was however for a continuous wave (CW) Nd:YAG laser, but for future studies, it would be valueble to take in consideration the various lasers, from veriety of wavelengths with set constant beam parameters, and the traverse speed would enable one to understand the effects of different brighntess lasers with respect to the processing temperaturs which it emmits. This will contribute further to ones understanding of the effects that brightness has upon the material despite applying identical parameters.
Brightness measurement of a laser is a difficult practice and requires a complicated 
Conclusions
Firstly, this review paper proposes that the correct terminology for brightness is 'radiance'. This is so because a laser beam is a unidirectional, monochromatic and coherent ray of light and is rather classified as a radiometric light. This paper reviewed various empirical equations previously employed to determine the brightness (radiance) and presented a modified equation that was more applicable to determine the radiance of lasers. Based on the equations adopted, it is clear that laser power, spot size and the wavelength would also have an important part to play in affecting the end value of radiance and so it is encouraged in future studies to show how such aspects of the laser beam affect the radiance.
In addition, this paper has shown a review of different techniques adopted by previous investigators to improve the brightness of laser beams. The laser beam brightness can be enhanced by several means such as changing or improving the beam parameter product (quality factor) -M2, and beam mode correction using better optical arrangements to give sharper beam quality, leading to M2 being closer to the diffraction limit. Both consequently provide tighter solid angle of divergence, whereby, the radiance is increased.
What is more, to-date literature was reviewed regarding the high brightness laser processing of materials and showed that a gap in knowledge exists in relation to the laser-material interaction with bright lasers, and the individual cost per wattage all need to be addressed in future studies.
The use of brightness or radiance in general terms as a concept in laser processing practices is a perfect mean to monitor, characterize and carry-out processes refinement procedures. This is because of the inclusion of all related laser beams parameters within the brightness equation. Therefore, a future investigation would be focused on the individual contribution of each of these parameters to effect radiance. Thus, it is the focus of our part two paper demonstrating the influence and identification of each parameter namely: laser power; spot size (power density); M2, beam divergence and the wavelength to effect the end value of radiance. In doing so would enable the improvement of laser design, material processing and manufacturing productivity. 
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